Mature bacterial spores, when compared with parent vegetative cells, are more resistant to various physical and chemical stresses such as heat, ultraviolet (UV) radiation, and gamma radiation. The various types of resistance do not depend on the same mechanism(s) and, therefore, may appear or disappear at different stages of sporulation or germination in the metamorphic cycle. Some information is available on the sequence of appearance of various types of resistance during sporulation (4, 6, 7) and germination (5) of aerobic spores. However, there is a general lack of understanding of these changes in anaerobic sporeformers, particularly Clostridium botulinum, which was investigated in this study.
The methods and materials used have been described (2) . Spores of C. botulinum 33A are relatively resistant to gamma radiation (1), UV (2) , and heat (C. A. Lin, M. S. Thesis, Illinois Institute of Technology, Chicago, 1967) . The culture was grown in 5% Trypticase-0.5% peptone broth (TPB) at 30 C. After 7 days, when abundant sporulation had occurred, the spores were harvested in a refrigerated Sorvall RC-2 continuous centrifugation system, washed twice, and suspended in 50 ml of water for storage in a refrigerator until needed.
In the sporulation cycle, 108 spores freshly heat-activated at 80 C for 10 min were inoculated into 15 ml of TPB containing 0.1% sodium thioglycolate. After 15 hr at 30 C and two additional serial transfers at 6-hr intervals, 15 ml of the practically spore-free vegetative culture was inoculated into 100 ml of TPB. Anaerobic condi- 1 The data in this paper are taken in part from material to be presented by E. Durban in partial fulfillment of the requirements for the Ph.D. degree, at the Illinois Institute of Technology.
tions were maintained by bubbling the culture with prepurified nitrogen (Matheson Co., Inc., East Rutherford, N.J.) for 5 min after each sampling.
In the germination cycle, 5 ml of freshly heatactivated spores was inoculated into 50 ml of TPB and allowed to germinate at 30 C. Cells were withdrawn at the time intervals indicated in Fig. 1 and 2 and were tested for their resistance.
Tests for resistance were as follows: (i) heating at 80 C for 10 min in a water bath; (ii) UV, 5,500 ergs/mm2 (4 min) from a General Electric germicidal lamp (253.7 nm); (iii) gamma radiation of aqueous anoxic spore suspensions with 0.3 Mrad in a Cs-137 Gammator (model 34-3, Radiation Machinery Corp., Parsippany, N.J.). To prevent photoreactivation in the second test, irradiated cells were handled in the dark or in low-intensity yellow light.
Survivors were evaluated by colony counts in Wynne's medium (8) plus 0.75% agar (3) as described previously (2) .
During the sporulation cycle ( Fig. 1) , heatresistant spores appeared after 12 to 15 hr of incubation at 30 C. A rapid increase in the number of spores continued until 25 to 50 hr, yielding 15 to 50% cells in the spore state. Phase-bright refractile spores appeared at 12 hr; these remained enclosed into sporangia during the course of this experiment.
Exposure of parallel samples of cells to UV radiation resulted in 99.9% loss of viability at 7 hr. However, beginning at 10 hr UV survival rapidly increased, reaching a plateau by 25 hr. Resistance to gamma radiation followed approximately the same course, except that the difference between radiation resistance of vegetative cells (<9 hr) and spores (>25 hr) was < ---*-* UV, 5500 ergs/mm2 V. 8 . |~*-UV. 5500 ergsimm2 DPA; however, the simultaneous loss of radiation resistance has not been adequately explained, especially if one considers that cystine-rich struc-21 .
tures (6) 
